Background: Several formulas predicting optimal continuous positive airway pressure (CPAP) for obstructive sleep apnea treatment have been developed and diverse parameters selected as predictive factors in different sleep laboratories using different ethnic groups. This study aimed to validate a constructed predictive formula for the study laboratory and to test the hypothesis that sleep laboratories should have their own predictive formulas. Methods: Fifty-seven adult subjects with obstructive sleep apnea syndrome (OSAS) were enrolled in the model-building set and underwent two polysomnography (PSG) studies to diagnose OSAS and titrate for optimal CPAP. A predictive formula, derived from anthropometric and polysomnographic variables, was validated together with two other predictive formulas in 30 subjects by comparing the mean predictive CPAP values, rates of successful prediction, and agreements. Results: Regression analysis showed that apneaehypopnea index (AHI), SaO 2nadir (nadir of arterial oxyhemoglobin saturation by pulse oximetry), and body mass index (BMI) strongly correlated with optimal CPAP. The derived predictive formula for the study laboratory was: CPAPpred (predictive CPAP) ¼ 6.380 þ 0.033 Â AHI e 0.068 Â SaO 2nadir þ 0.171 Â BMI (R 2 ¼ 0.335, adjusted R 2 ¼ 0.298). In Taiwan, different predictive formulas used by different sleep laboratories with different independent predictors led to similar mean predictive CPAP values to the mean observed optimal CPAP values, rates of successful prediction, and agreements with the observed optimal CPAP. There were significant differences between the mean predictive CPAP values and mean observed optimal CPAP values, lower rates of successful prediction, and negatively skewed 95% confidence interval (CI) when using a predictive formula derived from different ethnic populations. Conclusion: A sleep laboratory may not need to have its own predictive formula for determining the optimal effective CPAP but should adopt the one derived from the same ethnicity of OSAS patients as the reference formula.
Introduction
The social, legal, and economic impacts of obstructive sleep apnea syndrome (OSAS) have led to the rapid development of sleep medicine. 1 Continuous positive airway pressure (CPAP), first described in 1981 by Sullivan et al, 2 is the most effective therapy for patients with OSAS. Conventional Conflicts of interest: The authors declare that there are no conflicts of interest related to the subject matter or materials discussed in this article.manual, algorithm-based, and automatic positive airway pressure (APAP) titrations are the current available methods for determining therapeutic CPAP in patients with OSAS.
Conventional manual titration under attended polysomnography (PSG) remains the gold standard but is timeconsuming and increases the PSG waiting list. 3 For simplicity, algorithm-based pressure is used, with favorable results. 4e6 It can be selected as the starting pressure at home, with subsequent adjustments. Similarly, APAP titration is more cost-effective than conventional manual titration, with the largest savings obtained when it is done at home. 7 It is therefore also considered an alternative for determining therapeutic CPAP.
Between algorithm-based titration and APAP titration, there is no study to date that has established better methods for obtaining effective CPAP. Both methods can effectively reduce daytime sleepiness, as evaluated by the Epworth questionnaire and apneaehypopnea index (AHI). 8e10 However, there is poor agreement between the 95th percentile pressure obtained by APAP titration and the predictive pressure calculated by the algorithm-based titration, especially when the calculated pressures are <9 cmH 2 O or >15 cmH 2 O. 11, 12 APAP titration is contraindicated in certain medical conditions like congestive heart failure, chronic obstructive pulmonary disease, obesity hypoventilation syndrome, non-snorer, and central sleep apnea. 3, 7 In addition, the required duration, the best algorithm and software, and the best particular derived pressure (i.e., 90th percentile, 95th percentile, etc.) of APAP all remain to be determined. 3 As such, APAP titration cannot replace algorithm-based titration despite the long waiting list for attended, full-night conventional manual titration.
Using different ethnic populations, several formulas to predict the observed optimal therapeutic CPAP (CPAPopt) (algorithm-based titration) have been developed over the past two decades. Miljeteig and Hoffstein 4 developed the first predictive formula using three independent predictors [body mass index (BMI), neck circumference (NC), and AHI] among Caucasians. In another Caucasian population, the prediction variables of the formula were smoking (pack/years), BMI, and AHI. 13 In Asians, Akahoshi et al 14 predicted CPAPopt using a combination of cephalometric, anthropometric (BMI), and polysomnographic (AHI and mean oxyhemoglobin saturation) data. In another Asian population, Lin et al 15 proposed a predictive formula using BMI and AHI as prediction variables, whereas BMI, AHI, and desaturation index were the prediction variables used by Chuang et al 16 in another Asian population. Thus, in different sleep laboratories, diverse parameters are selected as prediction variables even when using the same ethnic groups. However, it is necessary to determine if building a sleep laboratory's own predictive formula is better than adopting a predictive formula derived from another sleep laboratory as reference, or if adopting a predictive formula derived from the same ethnic group is better than using one based on a different ethnic group.
The aims of this study were (1) to construct and validate a CPAP prediction formula for a particular laboratory, and (2) to test the hypothesis that sleep laboratories should have their own predictive formulas.
Methods

Study participants
Fifty-seven adult subjects with OSAS [defined as AHI !5 events/hour, total sleep time (TST) !6 hours, sleep efficiency (SE) !70%] in Taichung Veterans General Hospital were enrolled sequentially from January 2007 to December 2008 and served as the model-building set. Thirty adult OSAS subjects were also enrolled from January 2009 to December 2009 to serve as the validation set. Subjects with major illnesses or under hypnotics were excluded. All enrolled subjects underwent at least two PSG studies. The first was to diagnose OSAS (diagnostic PSG) and the second was to determine the optimal CPAP (CPAP down titration). The hospital's Institutional Review Board and Ethics Committee approved this study.
Full-night diagnostic PSG
All subjects underwent a standard full-night diagnostic PSG (Compumedics, E-series, Victoria, Australia). Standard recordings included electro-encephalogram (EEG; C3/A2, C4/ A1, O1/A2, and O2/A1), electro-oculogram (EOG), submental and tibialis anterior electro-myogram (EMG), electrocardiography (ECG), and measurements of oronasal airflow (simultaneously using a thermocouple), respiratory effort (using inductive plethysmography in the thorax and abdomen), arterial oxyhemoglobin saturation by pulse oximetry (SaO 2 ), and snoring (via small microphone attached around the cricoid cartilage). All data were manually scored based on the international criteria developed by Rechtschaffen and Kales to determine sleep/wakefulness, and the criteria developed by the Atlas Task Force of the American Sleep Disorders Association to determine arousal. 17, 18 The arousal index was defined as the number of arousal events divided by sleep time (hours) whereas the snore index was defined as the number of snore counts divided by sleep time. The apnea index (AI) was defined as the total number of apneas divided by the total sleep time (hours), whereas AHI was defined as the total number of apneas and hypopneas divided by the total sleep time. The severity of OSAS was graded as "mild" if AHI was 5e14, "moderate" if 15e30, and "severe" for >30 events per hour.
CPAP down-titration for optimal pressure
After orientation toward the function of nasal CPAP (GE Healthcare/Breas PV 100) and fitting of an appropriate-sized nasal mask to the subjects, the starting pressure was set as 4 cmH 2 O. The CPAP was then raised by 0.5e1.0 cmH 2 O every 5e15 minutes until all respiratory events, including apneas, hypopneas, arousals, transient desaturation, and snoring, were eliminated. The pressure level was then decreased by 0.5e1.0 cmH 2 O every 5e15 minutes until any respiratory event reappeared. The pressure was again raised by 0.5e1.0 cmH 2 O every 5e15 minutes until all respiratory events disappeared. The pressure level was held for at least 30 minutes and was determined as the optimal CPAP. 19 At least 6 hours of sleep were allowed for the CPAP down-titration. Optimal CPAP was that which controlled all respiratory events while the subject was in the supine position and in rapid eye movement sleep.
Statistical analysis
For the model-building set, univariate regression analysis and Pearson's correlation were used to determine the bivariate relationship between CPAPopt and baseline data, including anthropometric and polysomnographic variables. Significant parameters, using those with larger R 2 first, were combined to determine the best-fit model to predict CPAPopt in terms of both accuracy and simplicity. Multivariate regression analysis was used to model the effect of selected significant variables and to develop a predictive formula for CPAPopt.
In the validation set, to compare the mean pressure differences of CPAP between the observed optimal CPAP and the pressures calculated by four predictive formulas, the ShapiroeWilk test was used to check normality whereas the independent-sample t test or ManneWhitney U test was used to analyze the mean pressure differences of CPAP. BlandeAltman Plot and 95% confidence interval (CI) were used to compare the agreement between CPAPopt and the pressures calculated by the three predictive formulas.
All data were presented as mean AE standard deviation (SD) for continuous variables and as frequencies (%) for categorical variables. Statistical analysis was performed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). Statistical significance was set at p < 0.05.
Results
Based on the anthropometric and polysomnographic data ( Table 1) , most of the subjects in both sets were obese and had severe OSAS. There were significant differences in several parameters, including age, TST, SE, AI, AHI, and arousal index.
In the model-building set, arousal index ( Table 2 ). By Pearson correlation analysis, there was a high correlation coefficient between arousal index and AHI (r ¼ 0.769). As a result, two sets of parameters, one including AHI, SaO 2nadir , BMI, NC, and AI (Set 1) and the other including arousal index, SaO 2nadir , BMI, NC, and AI (Set 2), were included into the fit model.
For accuracy and simplicity, combinations of each set of parameters, with those with larger R 2 selected first, were assessed to build up the best-fit model for the study laboratory. Finally, a combination of three parametersdAHI, SaO 2nadir , and BMI in Set 1 and arousal index, SaO 2nadir , and BMI in Set 2efulfilled both accuracy and simplicity, as determined by adjusted R 2 (Table 3) . Multivariate regression analysis showed the final predictive models of the study laboratory as (Table 4) :
CPAPpred1 and CPAPpred2 denoted the predictive CPAP values by the study laboratory, CPAPeff denoted the value by Lin et al, 15 and CPAPmin the value by Miljeteig and Hoffstein. 4 In the validation set, the mean titrated CPAPopt values Table 1 Anthropometric and polysomnographic data of enrolled subjects. (Fig. 2) . These results indicated similar rates of successful prediction when applying the study laboratory's predictive formulas and Lin et al's 15 formula in various pressure differences, including AE1 cmH 2 O, AE2 cmH 2 O, and AE3 cmH 2 O, which were higher than those when using Miljeteig and Hoffstein's 4 formula. Based on both no significant difference of mean predicted CPAP values and similar rates of successful prediction between CPAPpred1 and CPAPpred2 and AHI being a strong predictor in previously published predictive formulas, the predictive formula, CPAPpred1, was selected to be the reference formula of the study laboratory.
In the validation set, assessing the agreement of the calculated pressures of the tested three predictive formulas with the observed optimal CPAP via BlandeAltman plot and 95% CI, there was a similar agreement in the three calculated pressures (CPAPpred1, 95% CI: e0.50e1.14; CPAPeff, 95% CI: e0.04e1.48; and CPAPmin, 95% CI: 0.70e2.30) with the observed optimal CPAP (Fig. 3) . However, there was a negatively skewed 95% CI between CPAPopt and CPAPmin. This indicated that the tested three predictive formulas were interchangeable for the study laboratory.
Discussion
The present study shows that AHI, SaO 2nadir , and BMI are predictive factors for calculating CPAP values in the Taiwanese population in the study sleep laboratory. Among the Taiwanese in different institutes, BMI and AHI have been adopted as independent predictors by Lin et al, 15 whereas Chuang et al 16 used BMI, AHI, and desaturation index. As such, different independent predictors have been adopted by different sleep laboratories for the same ethnic population. This may be because different sleep laboratories adopt different protocols for manual titration.
In the study sleep laboratory, down-titration has been used ever since manual titration began and is recommended due to the hysteresis phenomenon. This may result in lower optimal CPAP levels and better CPAP compliance. 20 Nevertheless, split-night PSG was adopted in Chuang et al's 16 sleep laboratory, although no illustration of the titration protocol was mentioned in Lin et al's 15 sleep laboratory. 15 The use of different protocols for manual titration may influence statistical outcomes, incorporating different independent predictors in the final predictive model for the same ethnic population. However, this assumption has not been evaluated and warrants further study.
Interestingly, among the Taiwanese, the different independent predictors used in the predictive formula of the study sleep laboratory and in Lin et al's 15 formula led to insignificant differences between mean CPAP values, as predicted by the formula from this study and CPAPopt, and between that by Lin et al's 15 formula and CPAPopt. There were similar rates of successful prediction and agreements between the two calculated pressures (CPAPpred1 and CPAPeff) with the observed optimal CPAP (CPAPopt). Thus, in the same ethnic population, one sleep laboratory's own predictive formula for the observed optimal CPAP exhibited the same performance as that of another sleep laboratory, even though different prediction variables were used.
Different ethnic populations have different patient characteristics. Craniofacial abnormalities reportedly have a strong correlation with OSAS in nonobese patients in Asians. 21 When matched by OSAS severity, Asians are significantly less obese than Caucasians. 22, 23 However, Asian patients have more severe OSAS than Caucasian patients when matched by obesity. 24, 25 In the present study, the mean CPAP values differed significantly only between CPAPopt and those calculated by Miljeteig and Hoffstein's 4 formula, which adopted a different ethnic population as the model-building set. In addition, there were lower rates of successful prediction when applying Miljeteig and Hoffstein's 4 formula in contrast to higher rates of successful prediction when applying the study sleep laboratory's formula or Lin et al's 15 formula, which adopted the same ethnic population as for the model-building set. Despite similar agreements of the three calculated pressures (CPAPpred1, CPAPeff, and CPAPmin) with the observed optimal CPAP (CPAPopt), there was a negatively skewed 95% CI between CPAPopt and CPAP calculated by Miljeteig and Hoffstein's 4 formula. As such, applying a predictive formula derived from a different ethnic population from the study sleep laboratory exhibits performance inferior to that from the same ethnic population used by the study sleep laboratory.
From a literature review, several predictive formulas to calculate the optimal CPAP have been proposed using different ethnic populations (Table 5) . 4 them, AHI and BMI are the strongest independent predictors and are selected in most formulas, including the present one in this study. Aside from these two predictors, diverse parameters are selected as prediction variables in different sleep laboratories, parallel with various successful prediction rates or variance. A formula to predict optimal CPAP with both accuracy and simplicity is important for every sleep laboratory, especially in the presence of a long PSG waiting list and contraindications to APAP titration. The present study suggests that a sleep laboratory should build its own predictive formula or adopt one reference formula that is derived from the same ethnic population by another sleep laboratory.
The current study has some limitations. Men with OSAS are more likely to require higher levels of CPAP support than women. 26 Most of the enrolled participants were male, making the accuracy of the study sleep laboratory's predictive formula uncertain in female patients with OSAS. The influence of age on the accuracy of CPAP predictive formulas had also not been reported in previous studies. Only adult patients were enrolled in the present study, making the accuracy of the study sleep laboratory's predictive formula uncertain in pediatric patients with OSAS. Moreover, neither the craniofacial profile nor the history of cardiovascular diseases was recorded in this study. This may have influenced the accuracy of the study sleep CPAPopt ¼ observed optimal CPAP; CPAPpred ¼ predictive CPAP by the current study; SD ¼ standard deviation. laboratory's predictive formula in OSAS patients with craniofacial abnormalities or cardiovascular comorbidities. The small sample sizes of the model-building and validation sets may lead to a different set of predictors in the laboratory's predictive formula. However, OSAS patients with mild severity were included in this study to make the study laboratory's predictive formula applicable to cases of mild severity.
In conclusion, a sleep laboratory does not need to construct its own predictive formula for determining the optimal effective CPAP, but should adopt the one derived from the same ethnicity of OSAS patients as used for the reference formula.
